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Description 

BACKGROUND OF THE INVENTION 
5 1. FIELD OF THE INVENTION 

[0001 ] The present invention relates to a robotic system for remotely controlling the position of a surgical instrument. 
2. DESCRIPTION OF RELATED ART 

10 

[0002] Endoscopes typically contain a lens that is coupled to a visual display by a fiber optic cable. Such a system 
allows the user to remotely view an image in front of the scope. Endoscopes are commonly used in a surgical procedure 
known as laparoscope which involves inserting the endoscope into the patient through a small incision in the abdomen. 
The endoscope allows the surgeon to internally view the patient without being in a direct line of sight with the object. 

75 The use of an endoscope typically reduces the size of the incision needed to perform a surgical procedure. 

[0003] Endoscopes are commonly used to assist the surgeon in removing the gall bladder of a patient Because the 
surgeon typically requires both hands to remove a gall bladder, the endoscope must be held and operated by a assist- 
ant. During the surgical procedure, the surgeon must frequently instruct the assistant to move the endoscope within the 
patient. Such a method can be time consuming as the surgeon may have to relay a series of instructions until the assist- 

20 ant has positioned the endoscope in the proper location. Additionally, the assistant may be unable to consistently hold 
the instrument in a fixed position, resulting in a moving image. This is particularly true for surgical procedures that 
extend over a long period of time. 

[0004] There is presently a system marketed by Leonard Medical Inc., which mechanically holds an endoscope. The 
Leonard Medical system is an articulated mechanism which has a plurality of pneumatically powered joints that hold 

25 the endoscope in a fixed position. To move the endoscope, the pneumatic powered joints must be initially released into 
a relaxed condition. The surgeon or assistant then moves the scope and reactivates the pneumatic system. Although 
the Leonard system holds the endoscope in one position, the system requires the surgeon or assistant to constantly 
deactivate/activate the pneumatics and manually move the scope. Such system interrupts the surgery process and 
increases the time of the surgical procedure. A similar system is known from US-A-4517963 in which the articulated 

30 arm comprises a series of mechanically interhinged and optically intercoupled arm sections. The scope of the system 
disclosed therein is manually operated. 

[0005] It would be desirable to provide a system that allows the surgeon to directly and efficiently control the move- 
ment of an endoscope. 

35 SUMMARY OF THE INVENTION 

[0006] The present invention refers to a system allowing a user to remotely control a movement of a surgical instru- 
ment as defined in claim 1 . 

[0007] A preferred embodiment of the present invention is a robotic system that moves a surgical instrument in 
40 response to the actuation of a foot pedal that can be operated by the foot of a surgeon. The robotic system has an end 
effector that is adapted to hold a surgical instrument such as an endoscope. The end effector is coupled to a robotic 
arm assembly which can move the endoscope relative to the patient The system includes a computer which controls 
the movement of the robotic arm in response to input signals from the foot pedal. 

[0008] The computer computes the amount of incremental movement required to move the end effector in accordance 
45 with a set of algorithms. The algorithms transform the input of the foot pedal so that the movement of the endoscope as 
seen by the surgeon is always in the same direction as the movement of the foot pedal. Thus, when the foot pedal is 
depressed to move the endoscope up or down, the end effector is manipulated so that the scope always moves relative 
to the image in an up or down direction as viewed by the surgeon. The robotic system is also moved in accordance with 
an algorithm that ensures a consistent orientation of the image viewed by the surgeon. 
so [0009] Therefore it is an object of the present invention to provide a system which allows a surgeon to remotely control 
the position of a surgical instrument. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [0010] The objects and advantages of the present invention will become more readily apparent to those ordinarily 
skilled in the art after reviewing the following detailed description and accompanying drawings, wherein: 

Figure 1 is a side view of a robotic system according to a preferred embodiment of the present invention; 
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Figure 2 is a top view of the robotic system of Fig. 1 ; 
Figure 3 is a top view of an end effector used to hold an endoscope; 
Figure 4 is a top view of a foot pedal of the system of Fig. 1 ; 
Figure 5 is a cross-sectional view of the foot pedal of Fig. 4; 
5 Figure 6 is a schematic of a computer of the robotic system shown in Fig. 1 ; 

Figure 7 is a schematic of the endoscope oriented in a second coordinate system; 

Figure 8 is a flowchart showing the operation of the system; 

Figure 9 is a graph showing the incremental movement of the robotic arm assembly; 

Figure 1 0 is a cross-sectional view of the robotic arm assembly showing actuators coupled to clutch and drive train 
10 assemblies; 

Figure 1 1 is a side view of the system showing a protective sterile bag which encapsulates the robotic arm assem- 
bly; 

Figure 12 is a cross-sectional view of an alternate embodiment of the end effector; 

Figure 13 is a perspective view of an alternate embodiment of an end effector which has a worm gear that is oper- 
15 atively coupled to the surgical instrument; 

Figure 14 is a perspective view of an alternate embodiment of a robotic system which incorporates the worm gear 
joint of Fig. 13; 

Figure 15 is a schematic of a surgical instrument that defines a third coordinate system located within a fourth fixed 
coordinate system; 

20 Figure 1 6 is a schematic of the surgical instrument being moved relative to a pivot point. 
DETAILED DESCRIPTION QF THE INVENTION 

[001 1 ] Referring to the drawings more particularly by reference numbers, Figures 1 and 2 show a robotic system 1 0 
25 according to a preferred embodiment of the present invention. The system 10 is typically used in a sterile operating 
room where a surgeon (not shown) performs a surgical procedure on a patient 12. The patient 12 is placed on a oper- 
ating table 1 4. Attached to the table 1 4 is a robotic arm assembly 1 6 which can move a surgical instrument 1 8 relative 
to the table 1 4 and the patient 1 2. The surgical instrument 18 is typically an endoscope which is inserted into the abdo- 
men of the patient 12. The endoscope 18 enters the patient through cannula, wherein the scope 18 rotate about a can- 
30 nula pivot point The endoscope is typically connected to a display screen (not shown) which allows the surgeon to view 
the organs, etc. of the patient. Although an endoscope is described and shown, it is to be understood that the present 
invention can be used with other surgical instruments. 

[001 2] The system 1 0 has a computer 20 that is connected to the robotic arm assembly 1 6 and a foot pedal 22. The 
foot pedal 22 is located in dose proximity to the operating table 14, so that the surgeon can operate the foot pedal 22 
35 while performing a surgical procedure. The system 1 0 is constructed so that the surgeon can move the surgical instru- 
ment 18 by merely depressing the foot pedal 22. 

[001 3] The robotic arm assembly 1 6 includes a linear actuator 24 fixed to the table 14. The linear actuator 24 is con- 
nected to a linkage arm assembly 26 and adapted to move the linkage assembly 26 along the z axis of a first coordinate 
system. As shown in Fig. 2, the first coordinate system also has an x axis and a y axis. The linear actuator 24 preferably 

40 has an electric motor which turns a ball screw that moves the output shaft of the actuator. 

[0014] The linkage arm assembly 26 includes a first linkage arm 28 attached to a first rotary actuator 30 and an end 
effector 32. The first rotary actuator 30 is adapted to rotate the first linkage arm 28 and end effector 32 in a plane per- 
pendicular to the z axis (x-y plane). The first rotary actuator 30 is connected to a second rotary actuator 34 by a second 
linkage arm 36. The second actuator 34 is adapted to rotate the first actuator 30 in the x-y plane. The second rotary 

45 actuator 34 is connected to a third rotary actuator 38 by a third linkage arm 40. The third rotary actuator 38 is connected 
to the output shaft of the. linear actuator 24 and adapted to rotate the second rotary actuator 34 in the x-y plane. The 
rotary actuators are preferably electric motors with output shafts attached to the respective linkage arms. The actuators 
30, 34 and 38 preferably have gear reduction boxes to increase the torque at the linkage arms relative to the electric 
motors. The electric motors of the actuators 24, 30, 34 and 38 rotate in response to output signals provided by the com- 

50 puter 20. 

[001 5] As shown in Figure 3, the end effector 32 has a clamp 42 which can grasp and hold the endoscope 18. The 
clamp 42 may be constructed as a wire with a loop that has a diameter smaller than the outside diameter of the scope 
18. The clamp 42 allows the scope to be easily attached to and removed from the robotic arm assembly 16. Although 
a simple wire clamp is shown and described, it is to be understood that the end effector 32 may have any means 
55 required to secure the surgical instrument 1 8. As shown in Figs. 1 and 2, the junction of the endoscope 18 and the end 
effector 32 define a second coordinate system which has an x' axis, a y* axis and a z' axis. The junction of the end effec- 
tor 32 and endoscope 18 also define the origin of a third coordinate system which has a x" axis, a y M axis and a z M axis 
that is parallel with the longitudinal axis of the endoscope 18. 
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[0016] The end effector 32 has a shaft 44 which can be coupled to the first linkage arm 28. The first linkage arm 28 
may have a bearing which allows the end effector 32 to rotate about the longitudinal axis of the arm 28. The end effector 
32 may be constructed so that the clamp 42 and scope 18 can rotate about the y' axis. The end effector 32 is preferably 
constructed to be detached from the first linkage arm 28, so that a sterile instrument can be used for each surgical pro- 
5 cedure. The robotic system 10 may also have a bag or cover to encapsulate the robotic arm assembly 16 to keep the 
assembly 16 sterile. 

[0017] The actuators 24, 30, 34 and 38 may each have position sensors 46-52 that are connected to the computer 
20. The sensors may be potentiometers that can sense the rotational movement of the electric motors and provide feed- 
back signals to the computer 20. The end effector 32 may also have a first joint position sensor 54 that senses the angu- 
10 lar displacement of the effector about the x* axis and a second joint position sensor 55 which senses the angular 
displacement of the scope about the y' axis. 

[0018] Figures 4 and 5 show a preferred embodiment of the foot pedal 22. The foot pedal 22 has a housing 56 that 
supports a first foot switch 58 and a second foot switch 60. The first foot switch 58 has a first pressure transducer 62 
and a second pressure transducer 64. The second foot switch 60 has third 66, fourth 68, fifth 70 and sixth 72 pressure 

15 transducers. The transducers are each connected to a corresponding operational amplifier that provides a voltage input 
to the computer 20. The pressure transducers 62-72 are constructed so that the resistance of each transducer 
decreases as the surgeon increases the pressure on the foot switches. Such a transducer is sold by Interlink Electron- 
ics. The decreasing transducer resistance increases the input voltage provided to the computer 20 from the operational 
amplifier. Each transducer corresponds to a predetermined direction in the third coordinate system. In the preferred 

20 embodiment, the first pressure transducer 62 corresponds to moving the endoscope toward the image viewed by the 
surgeon. The second transducer 64 moves the scope away from the image. The third 66 and fourth 68 transducers 
move the scope 18 "up" and "down", respectively, and the fifth 70 and sixth 72 transducers move the scope 18 left" and 
"right", respectively. 

[001 9] Figure 6 shows a schematic of the computer 20. The computer 20 has a multiplexer 74 which is connected to 
25 the pressure transducers and the position sensors. In the preferred embodiment, the multiplexer 74 has 12 channels, 
one channel for each sensor and transducer. The multiplexer 74 is connected to a single analog to digital (A/D) con- 
verter 76. 

[0020] The computer also has a processor 78 and memory 80. The A/D converter 76 is constructed so that the con- 
verter can provide the processor 78 with a binary string for each voltage level received from the input signals of the sys- 
30 tern. By way of example, the transducers may provide a voltage ranging between -10 to 10 volts (V) and the converter 
76 may output a different 12 bit binary string for each voltage level. An input signal of 1 .0 V may correspond to the binary 
string 00001 1001010. 2.0 V may correspond to 0001 1 1010100 and so forth and so on. 

[0021] The processor 78 is connected to an address decoder 82 and four separate digital to analog (D/A) converters 
84. Each D/A converter is connected to an actuator 26. 30. 34 or 38. The D/A converters 84 provide analog output sig- 

35 nals to the actuators in response to output signals received from the processor 78. The analog output signals preferably 
have a sufficient voltage level to energize the electric motors and move the robotic arm assembly. The D/A converters 
84 may be constructed so that a binary 1 from the processor produces an analog output signal that drives the motors. 
In such an embodiment, the motors are energized for as long as the processor provides a binary 1 output signal. The 
decoder 82 correlates the addresses provided by the processor with a corresponding D/A converter, so that the correct 

40 motor(s) is driven. The address decoder 82 also provides an address for the input data from the A/D converter so that 
the data is associated with the correct input channel. 

[0022] The processor 78 computes the movement of the robotic arm assembly 1 6 in accordance with the following 
equations. 



45 



Y (x-L3cos(7[)) 2 +(y-/.3sin(ic)) 2 -/.1 2 -L2 
v 2L1L2 



a3 = k - cos 



(1) 



50 





aZ = a0+/-A 
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where; 



a4 = n - a2 - a3 



10 



a2 = angle between the third linkage arm and the x axis. 

a3 = angle between the second linkage arm and the longitudinal axis of the third linkage arm. 

a4 a angle between the first linkage arm and the longitudinal axis of the second linkage arm. 

L1 = length of the third linkage arm. 

L2 = length of the second linkage arm. 

L3 = length of the first linkage arm. 

n = the angle between the first linkage arm and the x' axis of the second coordinate system, 

x = x coordinate of the end effector in the first coordinate system, 

y ■ y coordinate of the end effector in the first coordinate system. 



15 [0023] To move the end effector to a new location of the x-y plane the processor 78 computes the change in angles 
a2, a3 and a4, and then provides output signals to move the actuators accordingly. The original angular position of the 
end effector is provided to the processor 78 by the sensors 46-55. The processor moves the linkage arms an angle that 
corresponds to the difference between the new location and the original location of the end effector. A differential angle 
Aa2 corresponds to the amount of angular displacement provided by the third actuator 38, a differential angle Aa3 cor- 
responds to the amount of angular displacement provided by the second actuator 34 and a differential angle Aa4 cor- 
responds to the amount of angular displacement provided by the first actuator 30. 

[0024] To improve the effectiveness of the system 1 0, the system is constructed so that the movement of the surgical 
instrument as seen by the surgeon, is always in the same direction as the movement of the foot pedal. Thus when the 
surgeon presses the foot switch to move the scope up, the scope always appears to move in the up direction. To accom- 
plish this result, the processor 78 converts the desired movement of the end of the endoscope in the third coordinate 
system to coordinates in the second coordinate system, and then converts the coordinates of the second coordinate 
system into the coordinates of the first coordinate system. 

[0025] The desired movement of the endoscope is converted from the third coordinate system to the second coordi- 
nate system by using the following transformation matrix; 



20 



25 
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35 
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V 



cos(a6) 



0 



-sin(a6) 



-sin(tf5)sin(a6) cos(a5) -sin(a5)cos(a6) 
cos(a5)sin(a6) sin(a5) cos(a5)cos(a6) 



\ 






Ay" 


J 





where; 

40 Ax" a the desired incremental movement of the scope along the x" axis of the third coordinate system. 

Ay" m the desired incremental movement of the scope along the y" axis of the third coordinate system. 

Az" = the desired incremental movement of the scope along the z" axis of the third coordinate system. 

a5 = the angle between the z* axis and the scope in the y'-z' plane. 

a6 = the angle between the z' axis and the scope in the x'-z' plane. 

45 Ax* = the computed incremental movement of the scope along the x' axis of the second coordinate system. 

Ay* = the computed incremental movement of the scope along the y* axis of the second coordinate system. 

Az* = the computed incremental movement of the scope along the z' axis of the second coordinate system. 

[0026] The angles a5 and a6 are provided by the first 54 and second 55 joint position sensors located on the end 
so effector 32. The angles a5 and a6 are shown in Figure 7. 

[0027] The desired movement of the endoscope is converted from the second coordinate system to the first coordi- 
nate system by using the following transformation matrix; 



55 
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(Ax) 
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-sin(n2) 


0^ 




Ay 




sin(rc2) 


cos(rc2) 
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Ay 


^Azj 
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h 





where; 

Ax* a the computed incremental movement of the scope along the x* axis of the second coordinate system. 

A/ = the computed incremental movement of the scope along the y* axis of the second coordinate system. 

Az' = the computed incremental movement of the scope along the z' axis of the second coordinate system. 

tc2 = is the angle between the first linkage arm and the x axis of the first coordinate system. 

Ax = the computed incremental movement of the scope along the x axis of the first coordinate system. 

Ay = the computed incremental movement of the scope along the y axis of the first coordinate system. 

Az = the computed incremental movement of the scope along the z axis of the first coordinate system. 

[0028] "Rie incremental movements Ax and Ay are inserted into the algorithms (1) described above for computing the 
angular movements (Aa2, Aa3 and Aa4) of the robotic arm assembly to determine the amount of rotation that is to be 
provided by each electric motor. The value Az is used to determine the amount of linear movement provided by the lin- 
ear actuator 26. 

[0029] After each movement of the endoscope a new n2 value must be computed to be used in the next incremental 
movement of the scope. The scope is typically always in the y* - z* plane, therefore the n2 value only changes when the 
end effector is moved along the y* axis. The new n2 angle can be computed with the following equations: 

d ■ l m l (4) 
|tan(a6)| v 1 



r = \d sin(a5)| 

AK=tan" 1 2 
r 



where; 

d = the length of the endoscope between the end effector and the cannula pivot point 
r = the distance along the y' axis between the end effector and the cannula pivot point, 
m = the incremental movement of the scope. 

[0030] The new 7t2 value is computed and stored in the memory of the computer for further computation. 
[0031] Figure 8 shows a flowchart of a program used to operate the system. The computer 20 initially computes the 
location of the end effector 32 with the input provided by the sensors 46-55. When the surgeon presses on one of the 
foot switches, the pedal provides a input signal to the computer. For example, the surgeon may want a closer look at an 
object in front of the endoscope. The surgeon then presses the top of the first foot switch, depressing the first transducer 
and providing an input signal to the computer. The input signal is converted into an 12 bit binary string which is received 
by the processor. The 12 bit string corresponds to a predetermined increment of Az". The computer is constantly sam- 
pling the foot pedal, wherein each sample corresponds to a predetermined increment in the corresponding axis". If the 
surgeon holds down the foot pedal during two sampling periods then the increment to be moved is 2xAz'\ The converter 
also provides a multiplication factor for each increase in voltage level received from the amplifier of the transducer, so 
that the increments are increased for each increase in voltage. Thus the surgeon can increase the amount of incremen- 
tal movement by increasing the pressure on the foot switch. 

[0032] The processor 78 then determines the new coordinates in the third coordinate system. The incremental move- 
ments in the third coordinate system (Ax", Ay" and Az") are used to compute the increment movements in the second 
coordinate system (Ax\ Ay' and Az 1 ) and the coordinates in the first coordinate system (Ax, Ay and Az). The incremen- 
tal movements are then used to determine the change in the angles a2, a3 and a4, and the linear movement of actuator 
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24. The computer provides output signals to the appropriate electric motors to move the robotic arm assembly to the 
new position. The new n 2 angle is computed and the process is repeated. The present invention thus allows the sur- 
geon to remotely move a surgical instrument in a manner that directly correlates with the viewing image seen through 
the endoscope. 

5 [0033] In the preferred embodiment, the system moves the end effector 32 so that the endoscope is always aligned 
in the same orientation relative to the patient. This is accomplished by moving the end effector so that the angle a6 is 
always equal to zero. Thus after each independent movement of the endoscope, the angle a6 is sensed by the sensor 
55. If the angle a6 is not equal to zero, the processor moves the end effector in accordance with the following subrou- 
tine. 

10 [0034] If a6 > zero then the end effector is moved an increment equal to: 

A 7i = 7t + constant 

[0035] If a6 < zero then the end effector is moved an increment equal to: 

15 

Arc = rc - constant 

where; 

20 Arc = the incremental angular movement of the end effector, 

rc = the preceding angle rc. 

constant = some predetermined incremental angular movement of the end effector. 

25 

[0036] The processor moves the end effector in accordance with the above described subroutine until the angle a6 is 
equal to zero. The new rc angle is then stored and used for further computation. Maintaining the angle a6 at zero insures 
that the view seen by the surgeon is in the same orientation for ail end effector positions. 

[0037] As shown in Figure 10, each linkage arm 28, 36 or 80 is preferably coupled to a first helical gear 92. The first 
30 helical gear 92 is mated with a second helical gear 94 that is coupled to an actuator 30, 34 or 38 by a clutch 96. The 
clutches 96 are preferably constructed from magnetic plates that are coupled together when power is supplied to the 
dutches. When power is terminated, the clutches 96 are disengaged and the actuators are decoupled from the drive 
shafts such that the linkage arms can be manually moved by the operator. Power is supplied to the clutches 96 through 
a switch 98 which can be operated by the surgeon. The clutches allow the surgeon to disengage the actuators and man- 
35 ually move the position of the endoscope. 

[0038] As shown in Rg. 6, the system may have a lever actuated input device 100 that is commonly referred to as a 
"joystick". The input device 100 can be used in the same manner as the foot pedal, wherein the operator can move the 
endoscope by moving the lever 1 02 of the device 1 00. The device 1 00 may also have a plurality of memory buttons 1 04 
that can be manipulated by the operator. The memory buttons 1 04 are coupled to the processor of the computer. The 
40 memory buttons 104 include save buttons 106 and recall buttons 108. When the save button 106 is depressed, the 
coordinates of the end effector in the first coordinate system are saved in a dedicated address(es) of the computer 
memory. When a recall button 108 is pushed, the processor retrieves the data stored in memory and moves the end 
effector to the coordinates of the effector when the save button was pushed. 

[0039] The save memory buttons allow the operator to store the coordinates of the end effector in a first position, move 
45 the end effector to a second position and then return to the first position wfth the push of a button. By way of example, 
the surgeon may take a wide eye view of the patient from a predetermined location and store the coordinates of that 
location in memory. Subsequently, the surgeon may manipulate the endoscope to enter cavities, etc. which provide a 
more narrow view. The surgeon can rapidly move back to the wide eye view by merely depressing the recall button of 
the system. Additionally, the last position of the endoscope before the depression of the recall button can be stored so 
so that the surgeon can again return to this position. 

[0040] As shown in Figure 9, the system is preferably moved during the recall cycle in a ramping fashion so that there 
is not any sudden movement of the linkage arm assembly. Instead of a purely linear movement of the actuators to move 
the end effector from point A to point B, the processor would preferably move the linkage ami assembly in accordance 
with the following equation. 

55 

e(O = O-O 2 (e o +(2e o +e o )o+r 2 (e 1 +(20 1+ e 1 )(i-f)) 

where; 
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t = 


time 


e» = 


the initial position of the end effector. 


e,= 


the final position of the end effector 


9(3 = 


the velocity of the end effector at position 0 O . 


6 -J = 


the velocity of the end effector at position 9^ 


[0041] 


By moving each actuator in accordance with the above described algorithm, the linkage arm assembly move- 



ment will gradually increase and then gradually decrease as the arm leaves and approaches the original and final posi- 
tions, respectively. Moving the arm in accordance with the above described equation produces low initial and final arm 
acceleration values. The gradually increasing and decreasing movement of the arm prevents any abrupt or sudden 

15 movement of the arm assembly. 

[0042] As shown in Figure 1 1 , the robotic arm assembly is preferably encapsulated by a bag 110. The bag 1 1 0 iso- 
lates the arm assembly 26 so that the arm does not contaminate the sterile field of the operating room. The bag 1 10 
can be constructed from any material suitable to maintain the sterility of the room. The bag 1 10 may have fastening 
means such as a hook and loop material or a zipper which allows the bag to be periodically removed and replaced after 

20 each operating procedure. 

[0043] Figure 12 shows an alternate embodiment of an end effector 120. The end effector 120 has a magnet 122 
which holds a metal collar 124 that is coupled to the endoscope 18. The collar 124 has a center aperture 126 which 
receives the endoscope 18 and a pair of arms 128 which together with screw 130 capture the scope 18. The collar 124 
is constructed to fit within a channel 132 located in the end effector 120. The magnet 122 is typically strong enough to 

25 hold the endoscope during movement of the linkage arm, yet weak enough to allow the operator to pull the collar and 
scope away from the end effector. 

[0044] Figure 1 3 shows a preferred embodiment of an end effector 1 40 that couples the surgical instrument 1 42 to a 
robotic system 144. The end effector 140 has a collar holder 146 which can capture a collar 148 that is attached to the 
instrument 142. The collar 148 has a lip 150 which is supported by the base of the collar holder 146 when the instru- 
30 ment 142 is coupled to the robotic assembly 144. The collar 148 has a bearing 152 that is fastened to the instrument 
142 and which has gear teeth 153 that mesh with a worm gear 154 incorporated into the end effector 140. The worm 
gear 154 is typically connected to an electric motor (not shown) which can rotate the gear 154 and spin the instrument 
142 about its longitudinal axis. 

[0045] The end effector 140 is preferably utilized in a robotic system schematically shown in Figure 14. The worm 
35 gear replaces the first actuator 30 of the robotic system shown in Fig. 1 . The passive joints 1 56 and 1 58 allow the same 
degrees of freedom provided by the passive joints depicted in Fig. 3. The joints 156 and 158 are shown separately for 
purposes of clarity, it being understood that the joints may be physically located within the end effector 140. 
[0046] The surgical instrument is typically coupled to a camera (not shown) and a viewing screen (not shown) such 
that any spinning of the instrument about its own longitudinal axis will result in a corresponding rotation of the image on 
40 the viewing screen. Rotation of the instrument and viewing image may disorient the viewer. It is therefore desirable to 
maintain the orientation of the viewing image. 

[0047] In the embodiment shown in Fig. 1 , the robotic assembly moves the instrument in accordance with a set of 
algorithms that maintain the angle a6 at a value of zero. This is accomplished by computing a new angle a6 after each 
movement and then moving the instrument so that a6 is equal to zero. Depending upon the location of the end effector, 
45 moving the instrument to zero a6 may require energizing some or all of the actuators, thus necessitating the computa- 
tion of the angles a2, a3 and a4. Using the worm gear 154 of the end effector 140, the proper orientation of the viewing 
image can be maintained by merely rotating the worm gear 1 54 and scope 1 42 a calculated angle about the longitudinal 
axis of the instrument 142. 

[0048] As shown in Figure 1 5, the endoscope 142 is oriented within a fixed fourth coordinate system that has a z axis 
so that is parallel with the z axis of the first coordinate system shown in Fig. 1 . The origin of the fourth coordinate system 
is the intersection of the instrument and the end effector. For purposes of providing reference points, the instrument is 
initially in a first position and moved to a second position. The endoscope 142 itself defines the third coordinate system, 
wherein the z" axis coincides with the longitudinal axis of the instrument 142. To insure proper orientation of the endo- 
scope 142, the worm ygear 154 rotates the instrument 142 about its longitudinal axis an amount A06 to insure that the 
55 y" axis is oriented in the most vertical direction within the fixed coordinate system. A66 is computed from the following 
cross-products. 

A66 = zi" x (yo M x yi") 
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where; 

A86 o the angle that the instrument is to be rotated about the z" axis, 

yo" = is the vector orientation of the y" axis when the instrument is in the first position, 

yi" = is the vector orientation of the y" axis when the instrument is in the second position, 

zi" = is the vector orientation of the z M axis when the instrument is in the second position. 

[0049] The vectors of the yi" and zi" axis are computed with the following algorithms. 





COS0j 


0 


-sin© 5 




"0' 




-sin© 4 sin© 5 


COS0 4 


-sin© 4 cos0 5 




0 




cos © 4 sin © 5 


sin0 4 


COS0 4 cos© 3 




1_ 



yr=zi"*xr 



where; 

©4 = is the angle between the instrument and the z axis in the y-z plane. 
®5 = is the angle between the instrument and the z axis in the x-z plane, 
z = is the unit vector of the z axis in the first coordinate system. 

[0050J The angles ©4 and OS are provided by the joint position sensors coupled to the joints 1 56 and 1 58. The vector 
yo" is computed using the angles ©4 and ©5 of the instrument in the original or first position. For the computation of yi" 
the angles ©4 and ©5 of the second position are used in the transformation matrix. After each arm movement yo" is set 
to yi" and a new yi" vector and corresponding A06 angle are computed and used to re-orient the endoscope. Using the 
above described algorithms, the worm gear continuously rotates the instrument about its longitudinal axis to insure that 
the pivotal movement of the endoscope does not cause a corresponding rotation of the viewing image. 
[0051 J When the surgical instrument is initially inserted into the patient the exact location of the pivot point of the 
instrument is unknown. It is desirable to compute the pivot point to determine the amount of robotic movement required 
to move the lens portion of the scope. Accurate movement of the end effector and the opposite lens portion of the instru- 
ment can be provided by knowing the pivot point and the distance between the pivot point and the end effector. The 
pivot point location can also be used to insure that the base of the instrument is not pushed into the patient and to pre- 
vent the instrument from being pulled out of the patient. 

[0052] The pivot point of the instrument is calculated by initially determining the original position of the intersection of 
the end effector and the instrument PO, and the unit vector Uo which has the same orientation as the instrument The 
position P(x, y, z) values can be derived from the various position sensors of the robotic assembly described above. The 
unit vector Uo is computed by the transformation matrix: 
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[0053] After each movement of the end effector an angular movement of the instrument AO is computed by taking the 
arcsin of the cross-product of the first and second unit vectors Uo and U1 of the instrument in accordance with the fol- 
lowing line equations Lo and LI. 
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A6 = arcsinfl T\) 
T = Uo x 1/1 

5 where; 

T = a vector which is a cross-product of unit vectors Uo and Ut . 

[0054] The unit vector of the new instrument position U1 is again determined using the positions sensors and the 
10 transformation matrix described above. If the angle AG is greater than a threshold value, then a new pivot point is cal- 
culated and Uo is set to U1 . As shown in Figure 1 6, the first and second instrument orientations can be defined by the 
line equations Lo and L1 : 

Lo: 

75 

xo = M x 0 • Zo + Cxo 
yo = M y o • Zo + Cyo 

20 LI: 

x1 = Mx1 • Z1 + Cx1 
y1 = My1 • Z1 + Cy1 



where; 




Zo = 


a Z coordinate along the line Lo relative to the z axis of the first coordinate system. 


Z1 = 


a Z coordinate along the line L1 relative to the z axis of the first coordinate system. 


30 Mxo = 


a slope of the line Lo as a function of Zo. 


Myo = 


a slope of the line Lo as a function of Zo. 


Mxl = 


a slope of the line L1 as a function of Z1 . 


My1 = 


a slope of the line L1 as a function of Z1 . 


Cxo = 


a constant which represents the intersection of the line Lo and the x axis of the first coordinate system. 


35 Cyo = 


a constant which represents the intersection of the line Lo and the y axis of the first coordinate system. 


Cx1 = 


a constant which represents the intersection of the L1 and the x axis of the first coordinate system. 


Cy1 = 


a constant which represents the intersection of the line L1 and the y axis of the first coordinate system. 


[0055] 


The slopes are computed using the following algorithms: 



Mxo = Uxo/Uzo 
Myo = Uyo/Uzo 

45 Mx1 » Ux1/Uz1 

My1 = Uy1/Uz1 



50 



55 



CxO = Pox - Mx1 • Poz 
Cy0 = Poy-My1 • Poz 



Cx1 =P1x-Mx1 • P1z 
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Cy1 = P1y-My1 • P1z 



where; 



5 Uo(x, y and z) = the unit vectors of the instrument in the first position within the first coordinate system. 
U1 (x, y and z) = the unit vectors of the instrument in the second position within the first coordinate system. 
Pofx, y and z) = the coordinates of the intersection of the end effector and the instrument in the first position within 
the first coordinate system. 

P1(x, y and z) = the coordinates of the intersection of the end effector and the instrument in the second position 
10 within the first coordinate system. 

[0056] To find an approximate pivot point location, the pivot points of the instrument in the first orientation Lo (pivot 
point Ro) and in the second orientation LI (pivot point R1) are determined, and the distance half way between the two 
points Ro and R1 is computed and stored as the pivot point R ave of the instrument. The pivot point R^ is determined 
is by using the cross-product vector T. 

[0057] To find the points Ro and R1 the following equalities are set to define a line with the same orientation as the 
vector T that passes through both Lo and L1 . 



tx = Tx/Tz 
ty = Ty/Tz 



where; 



25 tx= the slope of a line defined by vector T relative to the Z-x plane of the first coordinate system, 
ty = the slope of a line defined by vector T relative to the Z-y plane of the first coordinate system. 
Tx = the x component of the vector T. 
Ty = the y component of the vector T. 
Tz = the z component of the vector T. 

30 

[0058] Picking two points to determine the slopes Tx, Ty and Tz (eg. Tx = x1 -xo , Ty = y1 -yo and Tz = z1 -zO ) and 
substituting the line equations Lo and L1 , provides a solution for the point coordinates for Ro (xo, yo, zo) and R1 (x1 , 
yt,z1) as follows. 

35 zo = ((Mx1-tx)zUCx1'Cxo)J{Mxo-tx) 

z1 = {(CyVCyo)[Mxo-tx)-{Cx^Cxo){Myo-ty))l ((Myo-ty){Mx^tx)-(My1-ty){Mxo-tx)) 

40 



yo = 


Myo 


• zo + Cyo 


y1 = 


Myl 


• z1 + cyi 


xo = 


Mxo 


• zo + Cxo 


xl = 


Mx\ 


• z1 + Cx1 



45 

[0059] The average distance between the pivot points Ro and R1 is computed with the following equation and stored 
as the pivot point of the instrument. 

so R avo = ((x1+xo)/2,(y1 + yo)/2.(z1 + zo)/2) 

[0060] The pivot point can be continually updated with the above described algorithm routine. Any movement of the 
pivot point can be compared to a threshold value and a warning signal can be issued or the robotic system can become 
disengaged if the pivot point moves beyond a set limit. The comparison with a set limit may be useful in determining 
55 whether the patient is being moved, or the instrument is being manipulated outside of the patient, situations which may 
result in injury to the patient or the occupants of the operating room. 

[0061 ] While certain exemplary embodiments have been described and shown in the accompanying drawings, it is to 
be understood that such embodiments are merely illustrative of and not restrictive on the broad invention, and that this 
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invention not be limited to the specific constructions and arrangements shown and described, since various other mod- 
ifications may occur to those ordinarily skilled in the art. 

Claims 

5 

1 . A system comprising a surgical instrument and a display device that allows a user to remotely control a movement 
of said surgical instrument, wherein the surgical instrument provides image signals to said display device, the sys- 
tem further comprising attachment means for holding said surgical instrument; movement means (24,30.34,38) for 
moving said attachment means and the surgical instrument (18), said movement means having an original position, 

10 said system being characterised by input means (22) for inputting a command provided by the user to move the 
surgical instrument (18) in a desired direction relative to the object displayed by the display device; and control 
means (20) for receiving said command to move the surgical instrument in the desired direction, computing move- 
ment of said movement means (24, 30, 34, 38) based on said command and the original position of said movement 
means so that the surgical instrument (18) moves in the desired direction and providing output signals to said 

15 movement means (24, 30, 34, 38) to move said movement means, so that the surgical instrument (18) always 
moves in the desired direction commanded by the user. 

2. The system as recited in claim 1, wherein said movement means includes a worm gear (154) adapted to rotate a 
corresponding bearing member attached to the surgical instrument (18). 

20 

3. The system as recited in claim 2, wherein said attachment means includes a collar (148) attached to the surgical 
instrument (18) and coupled to a collar holder (146). 

4. The system as recited in claim 2, wherein said attachment means has a first joint (30) that allows the surgical instru- 
25 ment (18) to rotate above a longitudinal axis of a first linkage arm (28) and a second joint (34) that allows the sur- 
gical instrument (18) to rotate about an axis that is perpendicular to the longitudinal axis of said first linkage arm 
(28). 

5. The system as recited in claim 4, wherein said control means includes first joint sensor means (54) coupled to the 
30 attachment means (1 8) for providing a first joint feedback signal which corresponds to a first angular position of the 

surgical instrument (18) relative to a second x axis, and second joint sensor means (55) coupled to the attachment 
means (1 8) for providing a second joint feedback signal which corresponds to a second angular position of the sur- 
gical instrument (18) relative to the second y axis. 

35 6. The system as recited in claim 1, wherein said movement means includes a first linkage arm (28) attached to said 
attachment means and a first actuator (30) which can rotate said first linkage arm (28) in a plane perpendicular to 
a first z axis, said first actuator (30) being coupled to a linear actuator (24) which can translate said attachment 
means along an axis parallel with the first z axis. 

40 7. The system as recited in claim 6, wherein said control means includes first actuator sensor means (46) coupled to 
said linear actuator (24) for providing a first feedback signal which corresponds to a location of said first actuator 
(30) on the first z axis, and second actuator sensor means (52) coupled to said first actuator (30) for providing a 
second feedback signal which corresponds to a location of the attachment means in the plane that is perpendicular 
to the first z axis. 

45 

8. The system as recited in claim 7, wherein said movement means includes a second actuator (34) attached to said 
first actuator (30) by a second linkage arm (36), said second actuator (34) being adapted to rotate said first actuator 
(30) in the plane that is perpendicular to the first z axis. 

so 9. The system as recited in claim 8, wherein said control means includes third actuator sensor means (50) coupled to 
said second actuator (34) for providing a third feedback signal which corresponds to a location of said first actuator 
(30) in the plane that is perpendicular to the first z axis. 

1 0. The system as recited in claim 9, further comprising clutch means (96) for disengaging said first actuator (30) from 
55 said linear actuator (24), said second actuator (34) from said first actuator (30) and said third actuator (38) from 

said second actuator (34) when said clutch means receives a clutch input signal. 

11. The system as recited in daim 9, wherein said first, second and third actuators (30,34,38) are electric motors. 
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12. The system as recited in claim 1 , wherein said control means is a computer (20) which receives command signals 
from said input means (22) and provides output signals to said control means to move the position of the surgical 
instrument (18). 

1 3. The system as recited in claim 1 2, further comprising storage means for storing a first position of said end effector 
upon receiving a first storage input signal and moving said end effector to said first position upon receiving a sec- 
ond storage input signal. 

14. The system as recited in claim 1 , wherein said input means includes a foot pedal (22) which can be pressed by the 
user to generate said command signals. 

Patentanspruche 

1 . System mit einem chirurgischen Instrument und einem Anzeigegerat, das es einem Anwender erlaubt, eine Bewe- 
gung des chirurgischen Instrumentes fernzusteuern, wobei das chirurgische Instrument Bildsignale an das Anzei- 
gegerat liefert und wobei die Vorrichtung uberdies eine Befestigungseinrichtung zum Halten des chirurgischen 
Instrumentes sowie eine Bewegungseinrichtung (24, 30, 34, 38) zum Bewegen der Befestigungseinrichtung und 
des chirurgischen Instrumentes (18) aufweist wobei die Bewegungseinrichtung eine Ursprungsposition hat, 
gekennzeichnetdurch Eingabemittel (22) zum Eingeben eines vom Anwender vorgesehenen Befehls, urn das chir- 
urgische Instrument (18) in eine gewunschte Richtung relativ zu dem auf dem Anzeigegerat angezeigtem Objekt 
zu bewegen; und durch eine Steuereinrichtung (20) zum Aufnehmen des das chirurgische Instrument in die 
gewunschte Richtung bewegenden Befehls. zum Berechnen der Bewegung der Bewegungseinrichtung (24, 30, 
34, 38), basierend auf dem Befehl und der Ausgangsposition der Bewegungseinrichtung, so daB das chirurgische 
Instrument (18) sich in die gewunschte Richtung bewegt, und zum Liefern von Ausgangssignalen an die Bewe- 
gungseinrichtung (24, 30. 34, 38), umdie Bewegungseinrichtung zu bewegen, so daB das chirurgische Instrument 
(18) sich stets in die vom Anwender gesteuerte gewunschte Richtung bewegt 

2. System gemaB Anspruch 1 , wobei die Bewegungseinrichtung ein Schneckengetriebe (154) aufweist, urn ein ent- 
sprechendes, am chirurgischen Instrument (18) befestigtes Lagerelement zu drehen. 

3. System gemaB Anspruch 2. wobei die Befestigungseinrichtung eine an dem chirurgischen Instrument (18) befe- 
stigte und mit einem Manschettenhalter (146) gekoppelte Manschette (148) aufweist. 

4. System gemaB Anspruch 2, wobei die Befestigungseinrichtung ein erstes Gelenk (30). das eine Drehung des chir- 
urgischen Instruments (18) urn eine Langsachse eines ersten Gestangearms (28) erlaubt und ein zweites Gelenk 
(34) aufweist, das eine Drehung des chirurgischen Instruments (18) urn eine Achse erlaubt, die senkrecht zu der 
Langsachse des ersten Gestangearmes (28) veriauft. 

5. System gemaB Anspruch 4, wobei die Steuereinrichtung erste Gelenksensormittel (54), die an die Befestigungs- 
einrichtung (18) gekoppelt sind, urn ein erstes Gelenk-ROckkopplungssignal zu liefern, welches einer ersten Win- 
kelposition des chirurgischen Instruments (18) relativ zu einer zweiten X-Achse entspricht und zweite 
Gelenksensormittel (55) aufweist, die an die Befestigungseinrichtung (18) gekoppelt sind, urn ein zweites Gelenk- 
Ruckkopplungssignal zu liefern, welches einer zweiten Winkelposition des chirurgischen Instruments (18) relativ zu 
der zweiten Y- Achse entspricht. 

6. System gemaB Anspruch 1, wobei die Bewegungseinrichtung einen ersten an der Befestigungseinrichtung befe- 
stigten Gestangearm (28) und einen ersten Steilantrieb (30) aufweist, welcher den ersten Gestangearm (28) in 
eine Ebene senkrecht zu einer ersten Z-Achse drehen kann, wobei der erste Steilantrieb (30) mit einem Linearstell- 
antrieb (24) gekoppelt ist, welcher die Befestigungseinrichtung entlang einer zur ersten Z-Achse parallelen Achse 
verschieben kann. 

7. System gemaB Anspruch 6, wobei die Steuereinrichtung erste an den Unearstellantrieb (24) gekoppelte Stellan- 
triebssensormittel (46) zum Liefern eines ersten ROckkopplungssignals, welches einer Position des ersten Stellan- 
triebes (30) auf der ersten Z-Achse entspricht. und zweite an den ersten Steilantrieb (30) gekoppelte 
Steliantriebssensormittel (52) aufweist, urn ein zweites Ruckkopplungssignal zu liefern, welches einer Position der 
Befestigungseinrichtung in der Ebene normal zu der ersten Z-Achse entspricht. 

8. System gemaB Anspruch 7, wobei die Bewegungseinrichtung einen zweiten von einem zweiten Gestangearm (36) 
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am ersten Stellantrieb (30) befestigte Stellantrieb (34) aufweist wobei der zweite Stellantrieb (34) den ersten Stell- 
antrieb (30) in der Ebene senkrecht zu der ersten Z-Achse drehen kann. 

9. System gemaB Anspruch 8, wobei die Steuereinrichtung dritte an den zweiten Stellantrieb (34) gekoppelte Stell- 
5 antriebssensormittel (50) aufweist, urn ein drittes ROckkopplungssignal zu liefern, welches einer Position des 

ersten Stellantriebes (30) in der Ebene normal zu der ersten Z-Achse entsprichi 

10. System gemaB Anspruch 9, das uberdies eine Kupplungseinrichtung (96) aufweist, urn den ersten Stellantrieb (30) 
vom Linearstellantrieb (24), den zweiten Stellantrieb (34) vom ersten Stellantrieb (30) und den dritten Stellantrieb 

10 (38) vom zweiten Stellantrieb (34) abzukuppeln, wenn die Kupplungseinrichtung ein Kupplungseingangssignal 
errtpfSngt. 

1 1 . System gemaB Anspruch 9, wobei der erste, zweite und dritte Stellantrieb (30, 34. 38) elektrische Motoren sind. 

15 12. System gemaB Anspruch 1, wobei die Steuereinrichtung ein Computer (20) 1st, der Steuersignale von den Einga- 
bemitteln (22) empfangt und Ausgangssignale an die Steuereinrichtung liefert, urn die Position des chirurgischen 
Instruments (19) zu verandern. 

13. System gemaB Anspruch 12, welches ferner Speichermittel aufweist, urn beim Empfang eines ersten Speicherein- 
20 gangssignals eine erste Position des Endbetatigers zu speichem und beim Empfang eines zweiten Speicherein- 

gangssignals den Endbetatiger in die erste Position zu bewegen. 

14. System gemaB Anspruch 1 , wobei die Eingabemittel ein FuBpedal (22) umfassen, welches vom Benutzer gedruckt 
werden kann, urn die Steuersignale zu erzeugen. 

25 

Revendications 

1. Un systeme comprenant un instrument chirurgical et un dispositrf d'affichage qui permet a un utilisateur de com- 
mander a distance un deplacement dudit instrument chirurgical, dans lequel ('instrument chirurgical envoie des 

30 signaux d'image audit dispositif d'affichage, le systeme comprenant en outre un moyen d'attache pour tenir ledit 
instrument chirurgical; un moyen de deplacement (24, 30, 34, 38) pour deplacer ledit moyen d'attache et t'instru- 
ment chirurgical (1 8). ledit moyen de deplacement poss6dant une position d'origine, ledit systeme etant caracterise 
par un moyen d'entree (22) pour entrer un ordre, envoye par I'utilisateur, de deplacer I'instrument chirurgical dans 
une direction souhaitee par rapport a I'objet aff iche par le dispositif d'affichage; et un moyen de commande (20) 

35 pour recevoir ledit ordre de deplacer rinstrument chirurgical dans la direction souhaitee, calculer le deplacement 
dudit moyen de deplacement (24. 30, 34, 38) sur la base dudit ordre et de la position d'origine dudit moyen de 
deplacement afin que i'instrument chirurgical (18) se deplace dans la direction souhaitee et envoyer des signaux 
de sortie audit moyen de deplacement (24, 30. 34. 38) pour deplacer ledit moyen de deplacement, afin que rins- 
trument chirurgical (18) se deplace toujours dans la direction souhaitee ordonnee par I'utilisateur. 

40 

2. Le systeme selon la revendication 1. dans lequel ledit moyen de deplacement inclut une vis sans fin (154) apte a 
faire tourner un organe correspondant de paiier attache a I'instrument chirurgical (18); 

3. Le systeme selon la revendication 2, dans lequel ledit moyen d'attache inclut une collerette (148) attachee a I'ins- 
45 trument chirurgical (1 8) et accouplee a un support (1 46) de collerette. 

4. Le systeme selon la revendication 2, dans lequel ledit moyen d'attache inclut une premiere articulation (30) qui per- 
met a I'instrument chirurgical (18) de tourner au-dessus d'un axe longitudinal d'un premier bras de liaison (28) et 
une deuxieme articulation (34) qui permet a I'instrument chirurgical (1 8) de tourner autour d'un axe qui est perpen- 

so diculaire a I'axe longitudinal dudit premier bras de liaison (28). 

5. Le systeme selon la revendication 4, dans lequel ledit moyen de commande inclut un premier moyen capteur (54) 
d 'articulation couple au moyen d'attache (18) pour envoyer un premier signal de retroaction d'articulation qui cor- 
respond a une premiere position angulaire de rinstrument chirurgical (18) par rapport a un deuxieme axe x, et un 

55 deuxieme moyen capteur (55) d'articulation couple au moyen d'attache (18) pour envoyer un deuxieme signal de 
retroaction d'articulation qui correspond a une deuxieme position angulaire de Instrument chirurgical (18) par rap- 
port au deuxieme axe y. 
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6. Le systeme selon la revendication 1 , dans lequel ledit moyen de deplacement inclut un premier bras de liaison (28) 
attache audit moyen d'attache et un premier actionneur (30) qui peut faire tourner ledit premier bras de liaison (28) 
dans un plan perpendiculaire a un premier axe z, ledit premier actionneur (30) 6tant accouple a un actionneur 
lineaire (24) qui peut deplacer en translation ledit moyen d'attache le long d'un axe parallele au premier axe z. 

5 

7. Le systeme selon la revendication 6, dans lequel ledit moyen de commande inclut un premier moyen capteur (46) 
d'actionneur couple audit actionneur lineaire (24) pour envoyer un premier signal de retroaction qui correspond a 
un emplacement dudit premier actionneur (30) sur le premier axe z, et un deuxieme moyen capteur (52) d'action- 
neur couple audit premier actionneur (30) pour envoyer un deuxieme signal de retroaction qui correspond a un 

10 emplacement du moyen d'attache dans le plan qui est perpendiculaire au premier axe z. 

8. Le systeme selon la revendication 7, dans lequel ledit moyen de deplacement inclut un deuxieme actionneur (34) 
attache audit premier actionneur (30) par un deuxieme bras de liaison (36), ledit deuxieme actionneur (34) pouvant 
faire tourner ledit premier actionneur (30) dans le plan qui est perpendiculaire au premier axe z. 

75 

9. Le systeme selon la revendication 8, dans lequel ledit moyen de commande inclut un troisieme moyen capteur (50) 
d'actionneur couple audit deuxieme actionneur (34) pour envoyer un troisieme signal de retroaction qui correspond 
a un emplacement dudit premier actionneur (30) dans le plan qui est perpendiculaire au premier axe z. 

20 1 0. Le systeme selon la revendication 9, qui comprend en outre un moyen d'embrayage (96) pour degager dudit action- 
neur lineaire (24) ledit premier actionneur (30), degager dudit premier actionneur (30) ledit deuxieme actionneur 
(34) et degager dudit deuxieme actionneur (34) ledit troisieme actionneur (38), lorsque ledit moyen d'embrayage 
recoit un signal d'entrSe d'embrayage. 

25 11. Le systeme selon la revendication 9, dans lequel lesdits premier, deuxieme et troisieme actionneurs (30, 34, 38) 
sontdes moteurs electriques. 

12. Le systeme selon la revendication 1, dans lequel ledit moyen de commande est un ordinateur (20) qui recoit des 
signaux d'ordre dudit moyen cf entree (22) et envoie des signaux de sortie audit moyen de commande pour depla- 

30 cer la position de I'instrument chirurgica! (18). 

1 3. Le systeme selon la revendication 12, qui comprend en outre un moyen de memoire pour m6moriser une premiere 
position dudit effecteur d'extr6mit6 a reception d'un premier signal d'entree de m6moire et deplacer ledit effecteur 
d'extr§mit6 vers ladite premiere position a reception d'un deuxieme signal d'entr6e de memoire. 

35 

14. Le systeme selon la revendication 1, dans lequel ledit moyen d'entree inclut une p6dale actionnable au pied (22) 
qui peut dtre actionnee par I'utilisateur pour engendrer lesdits signaux d'ordres. 
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MOVEMENT IN SINGLE 
COORDINATE SYSTEM TO 
INCREMENTAL MOVEMENT IN 
WORLD COORDINATE SYSTEM 



ADD INCREMENTAL 
MOVEMENT TO CURRENT 
POSITION 



COMPUTE NEW ANGLES FOR 
ROBOTIC LINKAGE ARMS 



MOVE ROBOTIC ASSEMBLY TO NEW POSITIONS 



COMPUTE NEW TV VALUE 



MOVE TO NEW ORIENTATION UNTIL a6=0 
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FIG. II 
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FIG. 12 
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FIG. 14 



22 



EP 0 653 922 B1 




23 



EP 0 653 922 B1 




24 



